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   weak interactions 
     current-current interaction  
                 weak currents ~ lefthanded: 
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  weak decays of strange particles 

epe ν−⇒Λ

( u d s ) ( u u d ) 

s  u 





013≈cθ

cc sd
u

θθ sincos +



N. Cabibbo   1963 
 
( Cabibbo angle ) 



( ) ( ) ..1sincos
:

5 chusd
currentweak

cc +++ γγθθ µ



( )
( )
( ) ..1

1

1
:

5

5

5

chsd

ss

dd
currentneutral

++

+

+

γγ

γγ

γγ

µ

µ

µ

strangeness  changing term not  
observed in the experiments  
(decay of K-mesons) !!! 



 

GIM – mechanism 
( Glashow, Iliopoulos, Maiani ) 
 
 

c: charmed quark 

1970 







)(xjµ





27 











2)(

1)()(
2
1

3

−=

−==

+=

−

−

R

eL

eY
YeY

YTQ

ν

( )R

L

e

eRSinglet

e
LDoublet

−

−

=









=

:

:
ν

Electroweak theory of electron and its neutrino  

L: lefthanded          
R: righthanded 

Q: electric charge 
T: weak isospin  
Y: weak hypercharge 
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Lagrangian of the fermions,  
        interacting with the  
             gauge fields  
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         „Higgs“ – field  
        doublet of SU(2) 
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   Lagrangian of the scalars,  
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V vacuum expectation value 
of  

scalar field 
V~246 GeV  









electron mass generated by  
Yukawa interaction of scalar  
with fermion 
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mass matrix of gauge bosons 
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first term  
lefthanded 
 parity violation  



          experiment at  

SLAC ( 1979 )  
 

     neutral current  
        interaction  
      violates parity !!! 



   neutral current interaction 
 

         parity violation 

observed in atomic physics 





SPS 



 SPS 



SPPS - 
proton-antiproton collider 



UA 1 detector  



UA 1 detector 



protons santiproton



UA 2 Detector 



Discovery of weak bosons 



The first Z-boson, decaying into  
an electron and a positron 





UA1:   Z → μ+ μ−  





UA1:  Z → e+ e−  





The masses of the weak bosons are predicted,  
once the weak angle is measured.  

The electron mass cannot be predicted 
( the coupling constant g is unknown ). 



Simon van der Meer Carlo Rubbia 



           neutrino 
      
               massless 
 
  (only lefthanded component) 



electroweak theory: 
    mass generation by  

     ??? SSB ??? 
QCD:  mass generation  

    by confinement 

problem: mass generation 



hypothetical    
Higgs boson 
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December 2011: 
 

ATLAS and CMS report  
signal at 125 GeV 
                      decay into  
                           Z + Z  
                 W + W,  
         photon + photon 
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